In 2017, numerous cases of acute haemorrhagic conjunctivitis (AHC) were reported in the Caribbean and in South America. Preliminary reports identified adenoviruses and enteroviruses in some patient samples but, until now, none of the etiologic agents have been fully characterized. We report the full-length genomic sequences of 4 coxsackievirus A24 (CV-A24) isolates collected from AHC patients in French Guiana during this outbreak (May and June 2017). These isolates are very closely related and belong to the genotype IV of CV-A24 variant, which consists of strains sampled worldwide during AHC outbreaks in the 2000s and 2010s. No recombination events were detected within the genomic sequences, indicating that members of this genotype have continuously circulated worldwide for more than 10 years without undergoing recombination with other enteroviruses. This unusual trait could be due to their ocular tropism that could impede genetic exchanges between these viruses and other enteroviruses, which replicate mainly in the gut.
Acute haemorrhagic conjunctivitis (AHC) is a highly contagious disease, generally caused by a virus. Enteroviruses (EVs) and adenoviruses are the main etiologic agents of AHC [1, 2] . In particular, coxsackievirus A24 (CV-A24, member of Enterovirus C species) and enterovirus D70 (member of Enterovirus D species) have been associated with large AHC outbreaks in the past.
In 2017, large outbreaks of AHC occurred in the Caribbean and in South America. Thousands of cases were first reported in Mexico during the first 3 months of 2017 [3] . Tens of thousands of cases were subsequently reported in many other countries, including the French WestIndies, Cuba, the Turks and Caicos Islands, the Bahamas, Brazil, the Dominican Republic, Panama, Cuba, Nicaragua, Grenada, and Belize [4] . Preliminary reports of investigations performed on AHC cases in Martinique, Guadeloupe, Bonaire, Brazil, Suriname, and Cuba highlighted CV-A24 and adenoviruses in some case samples [5, 6] , but the whole sequence of these viruses have not been published yet.
In French Guiana, the outbreak started in April 2017 [7] and finished in June or July [8] , but no epidemiological data are available concerning this outbreak in this territory. As the National Reference Center for respiratory Enfissi Because VP1 bears the major neutralization epitopes, typing of EV isolates relies on the genetic characterization of the VP1-encoding region. Extracts positive by realtime RT-PCR were used to amplify the VP1-encoding region using generic primers [9] . The corresponding amplicons were sequenced by Sanger techniques. The sequences obtained from samples of Patients A and B were 100% identical and a BLAST analysis identified a coxsackievirus A24, a member of the Enterovirus C species (EV-C; E-value 7.10 -147
). This result was consistent with preliminary reports based on partial sequences that identified CV-A24vs in samples from AHC patients in Martinique and Guadeloupe, Brazil, Surinam, and Cuba [4, 5] .
Virus isolation was attempted using saliva samples of the 4 patients to inoculate HEp-2c and RD cells, 2 cell lines commonly used for EV isolation. Cytopathic effects were observed 3-5 days after inoculation on all cell monolayers, except 1: no cytopathic effect was observed in the RD monolayer inoculated with the sample from Patient C (Table 1) , probably because of the lower sensitivity of RD cells to EV-Cs compared to that of HEp-2c cells [10] .
Viruses were isolated from all saliva samples, including those of Patients C and D that gave negative results by molecular screening. This illustrates the interest of virus isolation in cells to detect viruses present in low amounts in samples. After clarification by centrifugation, RNA was extracted from positive cell culture supernatants and the whole virus genomes were sequenced as previously described [11] . Nucleotide sequences of the 4 isolates were submitted to GenBank (MF419263 and MG557561-MG557563) .
For all supernatants, sequencing gave rise to a 7,415-nucleotide-long contig that spans virtually all of the virus genome (nucleotides 21-7,433 according to CV-A24 prototype strain Joseph numbering, GenBank accession No. EF015034). For Patients A, B, and D, sequences of isolates recovered from HEp-2c supernatants were 100% identical to those recovered from the respective RD supernatants.
Isolates B0519081 and B0519079 from Patients A and B, respectively, were virtually identical, with only 2 nucleotide divergences (1 within the 2B-encoding region, 1 within the 3D-encoding region) and only 1 amino acid divergence within the 3D protein (online suppl. Table 1 , 2; online suppl. Fig. 1 ; for all online suppl. material, see www. karger.com/doi/10.1159/000489339). The high sequence identity between these isolates may be due to the fact that they were recovered from 2 samples collected on the same day from Patients A and B, who are brother and sister.
The isolates from Patients C and D, sampled 2 and 6 weeks later, respectively, were slightly divergent but, overall, the 4 isolates together featured a nucleotide identity > 99.7%, with no more than 23 nucleotide divergences throughout the genome (online suppl. Table 1 ). This level of divergence is in line with that observed previously in Japan: during an AHC outbreak that occurred in Okinawa in 2011, the CV-A24v isolates collected in October featured between 21 and 30 nucleotide divergences with isolates collected 4 months before [12] .
The nucleotide divergences were distributed all along the genome, both in the 5′UTR and in the open reading frame (online suppl. Fig. 1 ). Only 6 sites featured amino acid residues that are non-conserved among the 4 isolates: 2 sites were located in the VP2, 1 in the VP1, 1 in the 2C, and 2 in the 3D (online suppl. Fig. 1 ). By pairwise comparison, 2 isolates did not display more than 5 amino acid differences together (online suppl. Table 2 ).
The genetic sequences of the 4 isolates were compared to those of CV-A24 available in the public database. Based on the VP1 region, the 4 isolates belonged to the CV-A24 variant (CV-A24v) group, the prototype strain of which is EH24 (Fig. 1) . This strain was isolated during an AHC outbreak that occurred in Singapore in 1969 [13] . Because it is antigenically divergent from the CV-A24 prototype strain Joseph, this strain was called CV-A24v. It has a marked ocular tropism due to the use of sialic acid as the cellular receptor [14] . Since the emergence of the EH24 strain, the ocular tropism of CV-A24v strains seems to have been increased by an amino acid substitution within the sialic acid-binding region of the capsid [15] . This substitution led to a tyrosine at VP1 position 250 and was recently found to enhance the ability of the virus to bind sialic acid [15] . Our 4 isolates display a tyrosine residue at this position.
Our isolates fell into the CV-A24v genotype IV [16, 17] , together with strains found worldwide in the 2000s and 2010s during AHC outbreaks (Fig. 1) . In particular, viruses responsible for the large AHC outbreak that took place in 2003 in the French West Indies and French Guiana also belonged to this genotype IV [18] . Our isolates appeared to be closely related to the strain 19538 (VP1 nucleotide identity > 95.6%, VP1 amino acid homology > 99.3%; online suppl. Table 3 , 4), which was sampled during a small AHC outbreak that occurred in a prison in Uganda from December 2016 to January 2017.
Within genotype IV, recent studies have defined 5 clusters of strains [17, 19] . These clusters consist of strains that segregate together temporally, with each cluster circulating for a few years. Our isolates seem not to fall into any cluster previously observed, but this result will have to be confirmed by more extensive studies of strains involved in the 2017 outbreak and isolated elsewhere.
The 3C-encoding region is also frequently used to classify the CV-A24 isolates [20] . In this region, the 4 isolates from this study fell into a group of CV-A24v strains sampled during the 2000-2017 period (highlighted in red in Fig. 1 ). As previously observed in the VP1 region, they clustered with isolate 19538. Searches with an online tool dedicated to enterovirus typing [21] did not reveal any other strains particularly close to these 5 isolates.
As recombination events frequently occur among EVs in the 5′UTR and the non-structural part of the genome, we performed a BLAST analysis to detect such events within the genome of the 4 isolates. The nucleotide sequences corresponding to the regions 5′UTR, 2A, 2B, 2C, 3A, 3B, 3C, and 3D of the genome were extracted and used individually in separate BLAST analyses to identify, for each region, the closest sequences available in the GenBank. In all the genomic regions, the isolates from French Guiana were closer to other CV-A24vs than to any other CV-A24 or any enterovirus of another type (data not shown). These observations are consistent with a continuous evolution of the genogroup IV CV-A24v strains through genetic drift with no intertypic recombination events with other EVs [17] . The absence of recom- bination events between these CV-A24vs and other EVs could be due to their peculiar tropism, which probably impedes genetic exchanges with other EVs that replicate mainly in the gut.
In conclusion, we have reported the first full-length genomic sequences of CV-A24vs involved in the large AHC outbreaks that took place in South America and the Caribbean in 2017. These viruses belong to genotype IV and are closely related to CV-A24vs circulating in Uganda in January 2017. These data will help in understanding how CV-A24vs circulate and evolve. The virus isolates are available for the scientific community via the European Virus Archive (https://www.european-virus-archive. com), a non-profit organization.
